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Manner 



I, Mario Ballestsa, of Vialc Bianca Maria, 
26, Milan, Italy, of Italian nationality, do 
hereby declare the invention, for which I pray 
that a patent may be granted to me, and the 
method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement : — 

Tnis invention relates to a method and 
apparatus for effecting reactions automatically 
berwecn at least two reagents, one of which is 
in the gaseous or vapour phase. 

In the chemical industry the case often 
occurs when it is necessary to effect reactions 
in a discontinuous manner, as the type of 
reaction does not allow for the use of suitable 
means to make it continuous. 

In such cases it is important to be ready 
to proceed rapidly with the successive batches 
in order co exploit the equipment to its maxi- 
mum, thus rendering the method practically 
continuous. But it is also necessary to simul- 
taneously remove the reaction product from the 
reactor, only when it is sure that the reaction 
has been completely effected. 

Among the various types of reaction in- 
cluded in the above case, is die one in which 
the reaction involves at least one reagent in 
the gaseous or vapour phase and the reaction 
product comprises at least one component in 
the gaseous or vapour phase. 

The invention consists in a method of effect- 
ing reactions in an automatic manner wherein 
in addition to at least one reactant in the 
gaseous or vapour phase there is one liquid 
reactant, and wherein the reaction container is 
fed first with a previously proportioned amount 
of the liquid reactant and then with the gaseous 
reactant, the feeding of this reactant in the 
gaseous or vapour phase to the reaction con- 
tainer is automatically terminated by a weigh- 
ing device on which acts die total weight of the 
reactor and its contents. 

The invention also consists in an apparatus 
for carrying out the method described in the 
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preceding paragraph wherein the reactor is 
arranged on a weighing device sensitive to the 
weight of the reactor and of the material con- 
tained therein, the weighing device being pro- 
vided with means suitable to transmit auto- 
matically the control for opening or closing 
the feeding valve of the gaseous reactant when 
the weight measured by the weighing device 
reaches predetermined values. 

The ^ invention will now be described, by 
way of example only with reference to the 
accompanying drawings, wherein, 

Figure 1 is a general diagrammatic view of 
an apparatus comprising tv/o reactors designed 
to work automatically and continuously. 

Figure 2 is a modification showing a par- 
ticular case. 

With particular reference to Figure 1 a 
feeding piping 1 for the liquid reactant, has 
an electromagnetic valve 2 controlling the inlet 
of liquid reagent into a feed proportioning 
vessel 3 y the valve 2 being controlled by a 
weighing device 4 which is actuated by the 
weight of the feed proportioning device 3 
and contents. Discharge piping 5 for the liquid 
reagent proportioned in the proportioning vessel 
3 carries the reactants alternatively to reactors 
8 and 9. Two -electromagnetic valves 6 and 7, 
controlled by weighing devices 12 or 13, are 
arranged on the discharge piping 5 for the 
liquid reactant proportioned* in the vessel 3 
to be fed into the reactor containers S and 9. 
These reactor containers arc each provided with 
a heating and/or cooling coil <z. Within the 
containers 3 and 9 stirrers 10 and 1 1 are pro- 
vided, while the containers 8 and 9 are sup- 
ported on the weighing devices 12 and 13. The 
.gaseous reactant is fed through pipe 14. 
Electromagnetic valves 15 and 16 controlling 
the inlet of the gaseous reactant into the re- 
actor containers 8 and 9 are actuated by the 
weighing devices 12 and 13 which thus control 
the weight of the contents of reactor containers 
S and 9. Valves 24 and 25 controlling the 
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discharge of the two reactor containers S and 
9 may be electromagnetic valves controlled by 
the indication of die cei^hing devices 12 and 
13. 26 is a discharge piping of die reactor 
5 containers. 

Tne working of the apparatus shown in 
Figure 1 is as follows : — " 

The reactant fed from piping 1 through 
the valve 2 is introduced into the proportioning 
10 vessel 3, and the predetermined anoint of 
liquid reactanr, the weight of which is con- 
trolled by die rreigbing device 4, automatically 
doses die valve 2V;hen the amount of liquid 
fed to the vessel 3 lias reached a given weight. 
15 The opening of valves 6 or 7/ in the way 
described hcrcbelow, causes die discharge of 
the vessel 3, therefore the weighing device 4 
will make the valve 2 open when die weight 
of the vessel 3 hrs reached a minimum value 
20 corenponding to its complete discharge. The 
operation of reactor S subsequently tzhcz place 
in three phases, charge of the liquid reactant, 
charge of die gaseous or vapour octant and 
discharge of die reacticn product. That is: 
25 a) charge of the liquid reactant throuah 
the valve 6 which is open while valves 15 and 
24 are closed. 

b) charge of the reactant in the <ras or 
vapour phase through the valve 15. while die 

30 valves 6 and 24 are closed. 

c) discharge of the reaction product 
through die valve 24, while valves 6 and 15 
are closed. 

The valves 5 and 24 may be controlled 
35 and made to open and close by means of the 
weigliing device 12. In ihz latter case when 
die outlet of d:e reaction produce from the 
reactor S is open, the weight of the reactor 
8 reaches a minimum value in correscondence 
40 to which the weighing device 12 makes the 
valve 24 close and die valve 6 open at the 
same time, while valve 15 remains closed. 
The reactor 3 is then charged with the liquid 
reactant. YThen die pre-prbscrtioncd amount 
45 of liquid reactant has completely reached the 
reactor 8. from the vessel 3", die weight of the 
reactor and its contents reaches a given weight 
in correspondence of which the wci^hin^ device 
12 makes die valve 15 ocen and "the valve 6 
50 close, while ±z valve 24 remains closed. As this 
point the gaseous reactant flows co the reactor 
C, passing through die mass of liquid re- 
actanr, with which it combines and mi~cs form- 
ing a reaction produ:t, the ;veight of which is 
33 different compared to die weight of the liquid 
reactant alone. YTIien the mass of gaseous 
reactant, introduced into the reactor 's, has 
made all die liquid reactant react, the weiaht 
of the reactor S and its contents reaches 5 a 
60 given weight in correspondence of which the 
weighing device 12 make: the valve 15 close, 
die valve 24 open, while the valve 6 remains 
closed. At this point, the working cycle of die 
reactor 8 starts again. 
65 The operation of the valves 7, 16 and 25 of 



the realtor 9 resting on the weighing device 13 
is the same as the valves 6, 15 and 24, but it is 
staggered with respect to the latter ones in such 
a way that, while, for instance, the gaseous 
reagent is introduced through the open valve 70 
15 and reacts inside the reactor 8, at the same 
rime the valves 6 and 24 are closed, the second 
reacr?r 9 is first emptied of the liquid products 
of die previous reaction and is then fed with 
die previously proportioned amount of liquid 75 
reagent. The second reactor 9 will then be 
ready to receive the inflow of gaseous reagent, 
from the valve 1<3, while the* first reactor 8 
will start the discforge step of the liquid pro- 
ducts of the r^actionr 80 

It is obvious that whilst the equipment may 
be provided with only two reactor containers 
8 and 9, additional proportioning vessels 3 may 
be employed in the case where there are more 
than one liquid reactant involved in the re- 85 
action. 

Figure 2. in which like pans have the s;:me 
reference: as in Figure 1. deals with a method 
of sulnhonation of a material coming through 
valve 2. A water feeding piping 17 has a 90 
valve IS, controlling th-i" inlet o? :h? -.rater 
into a feed proportioning device 1?, and is 
actuated by the feeding controlling device 
consisting of a siphon 20." Discharge piping 21 
from the water proportioning device 19 leads 95 
to electromagnetic valves 22 and 23, or con- 
trolled by the weighing devices 12 and 13 
for feeding water into the two reactors S and 
9. In a subsequent neutralisation step, an inlet 
piping 27 for the neutralising reactant is con- W0 
trolled by a valve 2S and is fed into a pro- 
portioning device 29, said valve being actu- 
ated by a weighing device consisting of a scale 
30. An electromagnetic valve 31 controlling 
the inlet of die neutralizing reactant into a 105 
neutralizing container 3.1 is "connected with a 
proportioning pump 35. The container 32 is 
prodded with a heating or cooling coil 36 and 
•an agitating device 33? The valve 31 may be 
actuated by r. pH-metcr which controls the 110 
pH value within the container 32. Container 
32 ha? a bottom discharge valve 34 and a 
discharge overflow 37. Incorporated in the 
pipe from the proportioning devices 8 and 9 
is a container 3S for the product obtained in 115 
die reactors S and 9, a is'-* " being connected to 
a proportioning pump 39. The container 3* 
comprises an intjnr.cdi-.tc vessel having the 
function of a rank in order to make regular 
the worfvng of pump 3°. The discharge "pipe 120 
34 is used for a discontinuous process, and the 
overflow discharge pipe 37 for a continuous 
process. The annaraai? shown in Fiaure 2 
works as follows : — 

It is to be noted rhat the apparatus shown 125 
in Figure 2 is particular! v suitable for sulnhon- 
arion with sulphur trionide. The material to 
be sulphonatod 'e*. alkvJbcnzenes. alcohols, 
sulphonates and clefinic products) is introduced 
through the piping 1 into the proportioning 130 
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container 3 through the valve 2 which auto- 
matically closes as soon as the weight con- 
trolled by the scale corresponds to the predeter- 
mined amount for the load of the first sulphon- 
5 arion container 8. 

The proportioned amount then passes 
through piping 5 and the valve 6 which may 
be actuated by the weighing device 12 into 
the first sulphonation reactor 8. Valve 6 is 

10 automatically shut and valve 15 opened thus 
introducing the sulphur trioxide which may 
be sulphur trioxide evaporated and mixed with 
air so as to obtain a mixture containing about 
4% to 8% of sulphur trioxide. 

15 Conveniently, mixtures of sulphur trioxide, 
with a content of oxygen lower than that of 
aft so as to prevent die sulphonatcd product 
from oxidizing and darkening are used. Small 
amounts of gaseous reducing agents, in par- 

20 dollar sulphur dioxide, may be also added. 
A further advantage is obtained by using 
directly the gase: obtained by catalytic conver- 
sion of sulphur dioxide to sulphur trioxide, said 
gases being previously cooled. Such a gas has- 

25 in fact a low content of oriygen and further 
contains small amounts of sulphur dioxide 
acting as a reducer and thus as a bleaching 
agent for the produc:. 
The mixture containing gaseous suiphur 

30 trioxide is introduced into the first reactor 3 
from the bottom near the agitating device 10. 
On ±e scale of the weighing device 12 is 
established the weight which the sulphonated 
product will have, so as to automatically stop 

35 the flow of sulphur trioxide gases as soon as 
the predetermined weight is reached. 

For instance, while an alkylbenzene has a 
specific weight of about 0.370. an alkylbenzene 
suiphonic acid has a specific weight of about 

40 1.960, so that when the weight corresponding 
to this specific weight is reached the weighing 
device automatically shuts the electromagnetic 
valve 15. When tie sulphonation is ended, 
there is introduced into the reactor 8 a pre- 

45 determined amount of water proportioned in 
the proportioning device controlled by the 
siphon 20 or by another device controlling the 
weight or the volume. Valve 22, for instance 
controlled by a weighing device, introduces into 

50 the reactor S the predetermined amount of 
water. Valve 24, for instance controlled by a 
weighing device, is then open to discharge the 
sulphonated product into the container 32 for 
the neutralization. 

55 While the sulphonation takes place within 
the reactor 8, the reactor 9 is discharged of 
the liquid products of the preceding reaction 
and thus the proportioning device 3 charges the 
reactor 9 with a liquid reagent and, as soon as 

60 che reaction within the reactor 3 is over, the 
valve 16, controlled by the weighing device 13 
is opened so that the reactions within the 
reactors 3 and 9 follow automatically and 
rapidly after one another, exploiting che cquip- 

65 ment to its maximum output and above all 



allowing the flux of gaseous reagent to flow 
continuously inside conduit 14 to the direction 
of one or the other of the reactors 8 and 9 
alternately. 

In the container 32 from the piping 26 70 
through the container 38 and the proportioning 
pump 39 the sulphonatcd product is fed, and 
from the piping 27, through the proportioning 
device 29 mounted on the scale 30 controlling 
the inlet valve and through" the valve 31 75 
controlled by a weighing device or by a pH- 
meter, the neutralization agent e.g. sodium 
hydroxide is fed. 

^ The neutralization may take place in a 
discontinuous maimer, by feeding the suiphonic 80 . 
acid through a direct connection (not shown in 
the figure) between the valve 25 and the 
neutralizing container 32, and by feeding the 
neutralizing agent directly from the propor- 
tioning device 29 and the valve 31, discharg- 85 
ing the neutralized product through che bottom 
valve 34. The neutralization may even be 
effected in a continuous manner by discharg- 
ing the suiphonic acid into the container 38 
and feeding the container 32 by means of a 90 
proportioning pump 39, while che neutralizing 
agent is fed to the neutralizing device through 
the proportioning pump 35 and the neutralized 
product is discharged from the neutralizing 
container 32 in a continuous way bv overflow 95 
through the conduit 37. 

Although the present invention has been 
described with reference to two preferred 
embodiments many changes, variations, and 
additions, may be made to both the method 100 
and the apparatus for example by providing 
within the reactors 3 and 9 suitable breathers 
allowing the removal of any gas or gases and/or 
vapours developing during the reaction, or of 
the excess of the gaseous rcactants. 105 

WHAT I CLAIM IS: — 

1. A ^ method of effecting reactions in an 
automatic manner wherein in addition to at 
least one reactant in the gaseous or vapour 
phase there is one liquid reactant, and wherein 110 
the reaction container is fed first with a 
previously proportioned amount of the liquid 
reactant ^ and then with the gaseous reactant, 

the feeding of this reactant in the gaseous or 
vapour phase to the reaction container is 115 
automatically terminated by a weighing device 
on which acts the total weight of the reactor 
and its contents. 

2. A ^method as claimed in claim 1, wherein 

the weighing device is calibrated by known 120 
means to control the valves for the introduction 
of the reactant in the gaseous or vapour phase, 
and further to control the valve for the dis- 
charge of the reactor, when the weight of the 
rcatcor and its contents reaches a given weight 125 
corresponding to the one heeded to show that 
the reaction is completed. 

3. A method as claimed in claims 1 or 2, 
wherein the reactants arc alternately introduced 
into a second reaction container, so that the 130 
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flow of the gaseous reagent directed alternately 
to one or the other of the two reactors is 
continuous. 

4. A method as claimed in any of claims 1 
5 to 3, wherein for its special use for effecting 
suiphonation reactions, gaseous sulphur trioxide 
is suitably mixed with a gas having a low 
content of oxygen and containing small quan- 
tities of a gas with a reducing action. 
10 J. A method as claimed in claim 4, wherein 
the mixture of suiphonation gnses containing 
sulphur trioxide comes directly from the 
catalytic conversion of sulphur dioxide to 
sulphur trioxide. 

6. An apparatus for carrying out the method 
as claimed in any of claims 1 to 5, wherein 
the reactor, is armngjd on a weighing derice 
sensitive to the weight of the reactor and of 
the material, contained therein, the weighing 
20 device being provided with means suitable to 
transmit automatically die control for opening 
or closing the feeding valve of the gaseous 
reactant, when die weight measured by the 
weighing device readies a predetermined value. 
25 7. An apparatus as chimed in claim 6, 
wherein the weighing device sensitive to die 
weight of the reactor and of the material con- 
tained therein, is provided with means suitable 
to transmit the control for opening or closin^ 
30 the feeding valve of the liquid reactant and 
the discharge valve of the product of the 
reaction from the reactor, when the weight 
35 measured by said sensitive weighing device 
reaches a predetermined value. 

3. An apparatus as claimed in claims 6 or 
7, wherein the means suitable to transmit the 
control for opening and dosing the valves of 
40 the apparatus itself in correspondence to a 
predetermined value of the weight of the 
reactor and of the material contained therein: 
a) close the discharge valve from the 



reactor and open the feeding valve of the 
liquid reactant, while simultaneously the feed- 
ing valve of the reactant in the gaseous or 
vapour phase is closed, when the weight of 45 
the reactor and of the material contained 
therein reaches a minimum value correspond- 
ing to the complete discharge of the reaction 
compounds, from the reactor. 

b) close the feeding valve of the liquid 50 
reactant and open the feeding valve of the 
reactant in the gaseous or vapour phase, while 
the discharge valve of the reactor remains 
closed, when the weight of the reactor and of 
the material conraincd therein reaches the 55 
value corresponding to the presence insidQ the 
reactor of the amount of liquid reactant pre- 
determined for each reaction. 

c) close the feeding valve of the reactant in 
the gaseous or vapour phase and open the 60 
discharge valve of the reaction products from 
the reactor, while the feeding valve of the 
liquid reactant remains closed, when the weight 
of the reactor and of the material contained 
therein reaches the value corresponding to 65 
the one needed to show that the "reaction is 
completed, that is when the liquid reactant 
has complcreiy transformed into the reaction 
product owing to die action of the reactant 
in the gaseous or vapour phase. 70 

9. A method of effecting a reaction in an 
automatic manner, substantially as herein- 
before described with reference to the accom- 
panying drawings. 

10. An apparatus for carrying out the 75 
method claimed in claim 9, substantially as 
hereinbefore described with reference to and 
as shown by the accompanying drawings. 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicant. 
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